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(54) Title: METHOD FOR DEPOSITING A FLATTENED DROPLET ON A SURFACE AND APPARATUS THEREFOR, AND A 
PUMP THEREFOR 



(57) Abstract 

A method and apparatus dierefor for 
depositing a flattened droplet on a partially 
absofbent surface comprising the steps 
providing a narrow bore transfer tube hav- 
ing a proximal end and a distal end and con- 
tabling a microvolume of liquid, the proxi- 
mal end connected to a pneumatic system 
ad^ted for issuing an outgoing flow of dis- 
placement gas into the tube and drawing an 
incoming flow of displacement gas there- 
irom; and issuing an outgoing flow of dis- 
placement gas for slowly dischaiging sub- 
stantially the entire microvolume of liquid 
as a droplet on the surface and controllably 
blowing one or more bubbles into the droplet 
towards dw end of its discharge for flatten- 
ing the droplet m the surface. A pump 
(31) comprising a housing (33) having a 
bore (34) with an internal peripheral surface 
(36), and a stationaiy annular sealing mem- 
ber (48) integrally formed therewith at a first 
end (37) of a pair of opposite ends (37 and 
38); a slide rod (39) disposed in the bore and having an external peripheral surface (41) and a displaceable annular sealing member (49) 
integrally formed therewith; the sealing members sealing the peripheral surfaces to define a vented displacement volume (51) therebetween 
whose volume is proportional to an annular cross section area between the peripheral surfaces and a distance between d)e sealing members; 
and the slide rod being slidably reciprocable between first and second positions respectively toward and away from the stationary sealing 
member whereupon the displaceable sealing member moves to reduce the volume to issue an outgoing flow of displacement gas frcxn the 
displacement voliune on a downstroke of the slide rod from its second position to its first position and the displaceable sealing member 
moves to increase the vohime to draw an Incoming flow of displacement gas into the displacraent volume on an uspstrofce of the slide rod 
from its first position to its second position. 
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METHOD FOR DEPOSITING A FLATTENED DROPLET ON A SURFACE 
AND APPARATUS THEREFOR* AND A PUMP THEREFOR 

FIELD OF THE INVENTION 

The invention relates to a method for depositing a flattened droplet on a 
surfece suitable for in vitro fertiUzadon (IVF) and embryo transfer (ET), and apparatus 
therefor, and a pump therefor. 

5 

BACKGROUND OF THE INVENTION 

In an IVF-ET procedure, oocytes are aspirated fiom female ovaries and 
inseminated 212 vitro with male sperm m a culture medium to form embryos which are 
incubated prior to their being transferred to a subject by means of a two-stage transfer 
10 procedure. The transfer procedure includes the aspiration of a relatively large volume of 
about 20-40 \d of culture medium containing between one to five embryos into a 
transfer catheter by means of a manually operated syringe and its subsequent injection 
into a subject 

Since a conventional IVF-ET procedure is manual, the rate of injection of 
15 the embryo containing culture into a uterine cavity may vary significantiy. Thus, on the 
one hand, too slow an injection rate may cause embryo containing culture medium to 
trickle down die transfer catheter's outer surface and, on the otiier hand, too quick an 
injection rate may severely damage embryo(s) following their collision against a uterine 
wall. The latter case may also flood a subject's uterus possibly resulting in a feiled 
20 procedure as embryos are eitiier washed out of her uterus or implanted in one of her 
Fallopian tubes leading to an ectopic pregnanqr. Another disadvantage attendant with 
the use of a relatively large volume of culture medium is that it may alter the specific 
properties of the micro-environment witiiin a subject's uterus reqmred for successfiil 
embryo implantation and its normal development 
25 The present invention is based on the notion that substantially automating 

embryo implantation in IVF-ET procedures may overcome some of the shortcomings of 
the conventional IVF-ET procedure. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, there is provided a method for 
depositing a flattened droplet on a surface particularly suitable for depositing embryo(s) 
m ntfliniTig cultute medium at a desired site in a uterus cavity, and q)paiatus therefor, 

5 and a pump therefor. 

In accordance with a first aspect of the invention, tbsre is provided a method 
for depositing a flattened droplet on a partially abs<»i>ent sur&ce, the method 
conqsrising the steps of: 

(a) providing a narrow bore transfer tube having a proximal end and a distal end 
10 and containing a microvolume of liquid, the proximal end connected to a 

pneun:iatic system for issuing an outgoing flow of displacement gas into the 
transfer tube and drawing an incoming flow of displacement gas thereinto from 
the transfer tube; and 

(b) issuing an outgoing flow of displacement gas for slowly dis ch a rgi n g 
15 substantially the oitire microvolume of Uquid as a droplet on the surface-and 

ccmtrollably blowing one or more bubbles into the droplet towards the end of its 
discharge to flatten the droplet on the sui£u:e. 

A "flattened droplet" in the context of the present invention can be 
demonstrated on standard 80 gram/m^ A4 pq)er for use with ink jet printers, such p^)er 

20 constituting a partially absorbent sur&:e on which a flattmed droplet of the present 
invention has a projected sur&ce area about three to six times larger than that of a 
naturally forming dome-like droplet A "partially absorbent surface" in tiie context of 
the present invention is one vduch absorbs a relatively insignificant volume of a 
naturally forming dome-like droplet ovct about 60 seconds. The flattening of a droplet 

25 as achieved by the method of fee present invention is not by flie relatively slow process 
of its being absorbed assuming it does not dry but rather as a consequence of its being 
effectively inflated by one or more bubbles of displacement gas controllably blown 
thereinto towards the end of its discharge which typically occurs over S-20 seconds from 
an initial outward displacmi^t of the microvolume of liquid. The surface may be flat, 

30 inclined or even inverted and still maintain the droplet in its flattened shsq)e by virtue of 
the prevailing sur&ce tension therewith. 
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A "microvolwne of liquid" in tiie context of the present invention is a 
volume of liquid in the microliter range, e.g., within the range of 0.05-5 ^il, preferably 
within the range of 0, 1-3,0 jil, and particularly witiiin the range of 0.3-2.0 ^1. In the 
case of an IVF-ET procedure on a human subject when the catheter is iq)wardly 
5 inclined, even though the discharge of culture medium is relatively slow, its volume is 
so small so as to avoid a downward trickle along the cadieter's out^ sur&ce. 












includes: 

(al) preventing cq>illaiy forces to draw liquid into the transfer tube iq)on 
10 . insertion of its distal end into a vessel contairiirigHquid; 

(a2) inserting the transfer tube*s distal end into the liquid; 
(a3) drawing an incoming flow of displacement gas from the transfer tube such 

that a microvolimie of Uquid is drawn thsneinto; and 
(a4) removing the transfer tube's distal end from the liquid. 
15 The stqp of preventing capUlary forces is preferably achieved by issumg an 

ou^oing flow of displacement gas into the transfer tube so as to create a positive 
pressure therein. Alternatively, this step can be achieved, for example, by providing a 
seal at its distal end. After the transfer tube's distal end is removed from the liquid, the 
microvolume of liquid is preferably inwardly drawn away from its distal end as a safety 
20 precaution whereafter the inward displac^ent is neutralized by a brief outgoing flow of 
displacement gas into the transfer tube. 

After the discharge of the microvolume of liquid from the transfer tube, the 
flattmed droplet in most cases is still connected to "die transfer tube's distal end and 
therefore to prevent its sucdon back into the transfer tube, the ongoing flow of 
25 displacement gas is maintained until the droplet is disconnected from the transfer tube's 
distal end by manually withdrawing the transfer tube. This outgoing flow of 
displacement gas may also remove any small quantities of the microvolume ^ch were 
not initially discharged and which may include an embryo(s) in an IVF-ET procedure. 

In accordance with a second aspect of the present invention, there is 
30 provided apparatus for depositing a flattened droplet of liquid on a partially absorbent 
surfece, die apparatus for use with a narrow bore transfer tube having a proximal end 
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and a distal end and a vessel of liquid, the apparatus comprising: 

(a) a pneumatic system connected to the transfer tube's proximal end and 
adapted for issuing an outgoing flow of displacCTGient gas into said transfer 
tube and drawing an incoming flow of displacement gas thereinto firom said 

5 transfer tube; and 

(b) a control m^^banigm for controlling said pneumatic system in different 
operational modes including: 

a user controlled suction mode for drawing an incoming flow of 
displacement gas from the transfer tube v/bereby a microvolume of 
IQ liquid is drawn thereinto prior to the removal of said distal end firom 

the vessel; and 

a user initiated automated delivery mode for issuing an outgoing flow 
of displacement gas into the transfer tube for slovdy discharging 
subst£UDttiaIly the entire microvolume of liquid as a droplet on the 
15 sur£Eice and controllably blowing one or more bubbles into the droplet 

towards the end of its discharge to flatten fbs droplet on the sur&ce. 
In accordance with a third aspect of the present invention, there is provided 
a pump comprising a housing having a bore with an internal peripheral sur&ce, and a 
stationary annular sealing member integrally formed therewith at a first end of a pair of 
20 opposite ends; a slide rod disposed in said bore and having an external peripheral 
sur&ce and a displaceable annular sealing member integrally formed therewith; said 
sealing monbers sealing said periphoal surfisu^es to define a vented displacement 
volume therebetween v/bosG volume is proportional to an annular cross section area 
between said peripheral sui&ces and a distance between said sealing members; and said 
25 slide rod bemg slidably reciprocable between first and second positions respectively 
toward and away fix>m said stationary sealing member whereupon said displaceable 
sealing member moves to reduce said volume to issue an outgoing flow of displacement 
gas fix)m said displacement volume on a downstroke of said slide rod fix)m said second 
position to said first position and said displaceable sealing member moves to increase 
30 said volume to draw an incoming flow of displacement gas into said displacement 
volume on an upstroke of said slide rod fix)m said fixst position to said second position. 
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Preferably both die bore and the slide rod axe of a right cylindrical shape 

2 2 

such that the displacement volume has a CTOSs sectional area defined by ;z(a-b )vdiaea 
and b are the radii of the bore's internal peripheral surface and the slide rod's external 
peripheral surfece, respectively. Preferably, the cross section area is m the order of 4-10 
5 mn^ and the pump has a displacem^t volume incrementally changeable in the order of 
0.1-O.V. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and how it is used, a preferred 
10 embodiment will now be described by way of a non-limiting example only, with 
refermce to tiie accompanying drawings in which: 

Fig. 1 is a pictorial view of sq^paratus for depositing a flattened droplet on a 
sur&ce in accordance with the present invention; 

Figs. 2A-2L illustrates operation of the apparatus of Figure 1 for depositing 
15 the flattened droplet on the sur&ce; 

Fig. 3 is a pictorial view of a pump in accordance with the present 

invention; and 

Figs. 4 and 5 are cross sectional views of the pump of Figure 3 along lines 
A-A and B-B in Figure 3, respectively. 

20 

Detailed description of the drawings 

With reference now to Figures 1 and 2, qyparatus 1 is miployed for 
depositing a flattened droplet F on a pardally absorbent surface S, for example, on a 
subject's endometrium in an IVF-ET procedure. Apparatus 1 includes a suction control 

25 unit 2 normally permanent located in a laboratory for the preparation of an embryo 
carrying catheter 3 constituting a transfer tube, a transfer control unit 4 normally 
permanently located in a treatment room vAiere an IVF-ET procedure is carried out and 
a portable casing 6 for consecutive connection to the suction control unit 2 and the 
transfer control unit 4 by means of connectors 7 and 8. The casing 6 includes a 

30 pneumatic system 9 which is permanendy connected to the cadieter 3 during an entire 
IVF-ET procedure via suitable air tubiiig 11 and an air filter 12. The casix^ 6 also has a 
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receptacle 13 for accommodating the catheter 3 during its transport fiom die laboratory 
to the treatment room. 

The pneumatic system 9 is under a control mechanism 14 including a 
computer mouse 16 for controlling the suction control unit 2 for initiating a user 

5 controlled suction mode to prqpare the catheter 3 with a microvolume of embiyo 
containing culture medium and a foot pedal 17 for controlling the transfer control unit 4 
for initiating a user initiated automated delivery mode for depositing the flattened 
droplet F on the sur&ce S. The computer mouse 16 has an iq)stroke control 18 for 
drawing an incoming flow of displacement gas into the pneumatic system 9 from the 

10 catheter 3, a downstroke control 19 for issuing an outgoing flow of displacmient gas 
from tiie pneumatic system 9 into ^ catheter 3 and optionally a speed control 21 for 
controlling the flow rate of tfie displacement gas either fix>m or into the pneumatic 
system 9. The suction control unit 2 is also provided witii a reset button 22 for primii^ 
the pneumatic system 9 for a pre-suction mode of issuing an outgoing flow of 

1 5 displacement gas as indicated by a READY indicator light 23 prior to the preparation of 
the catheter 3. The different stages of the automatic delivery mode are indicated by a 
READY indicator Ught 24, a GO indicator Ught 26 and a DONE indicator Ught 27. 

In operation, the casing 6 is initially connected to the suction control unit 2 
and the catheter 3 is connected to the pneumatic system 9 via the air tubing 11 and the 

20 filter 12. An operator presses the reset button 22 whereupon a lit READY indicator 
light 23 indicates an outgoing flow of displacement gas creating a positive pressure 
wilfam cafiieter 3 to prevent capillary forces drawing culture medium thereinto i^n 
insertion of its distal end 3A into a vessel of culture medium C containing embryos E 
shown exaggerated in all Figs, 2A-2L (see Fig. 2A). The operator inserts the distal end 

25 3A into the vessel of culture medium C for aspkating about 0.3 to 0.6 ^1 microvolume 
of culture medium containmg an embryo £ into the catheter 3 (see Fig. 2B). Once an 
embryo is clearly seen to be close to the catheter's distal end 3 A, the rate of aspiration of 
culture medium may be increased by depressing the speed control 21. If a single embryo 
is to be transferred, distal end 3A is then be removed fiom the culture medium otherwise 

30 additional embryos may be captured as shown. 

Once the catheter 3 contains one or more embryos, &e operator withdraws 
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its distal end 3 A fiom the culture medium and then proceeds to depress the downstroke 
control 19 to slowly displace the microvolume of culture medium imvaidly (see Fig. 
2C). After the microvolume of culture medium has been inwardly displaced by about 
S-IS mm fiom the catheter's distal end 3A, its motion is arrested by a momentary 

5 outgoing flow of displacement gas (see Fig. 2D) so that it finally comes to rest at a 
distance of about 10 mm (see Fig. 2E) tfaerefix>m thereby ensuring that it cannot be 
inadvertently lost during transportation of the casing 6 between the laboratory and the 
treatment rooHL The catheter 3 is then placed in the receptacle 13 (see Fig. 1) during tfie 
transportation of the casing 6 fiom the laboratory to the treatment room. 

IQ For transfer of the embryos E onto the sur&ce S, the catheter 3 is laid on the 

surface S (see Fig. 2F) whereupon a first depression on the foot pedal 17 causes the 
READY indicator light 24 to be lit indicating that the automatic delivery mode can be 
initiated. Thereafter, a second depression on the foot pedal 17 causes the GO indicator 
hght 26 to be lit indicating that an outgoing flow of displacement gas is displacing the 

15 microvolume of culture medium towards the catheter's distal end 3A (see Fig. 2G). Ihe 
outgoing flow of displacement gas causes a concave shaped meniscus to be slowly 
formed which increases in size until it suddenly ruptures whoeby most of the 
microvolume of culture medium is discharged as a droplet D on the sur&ce S (see Figs. 
2H and 2J). The discharge is accompanied by one or more air bubbles B for effectively 

20 inflating the droplet D tibereby considerably widening its projected sui&ce area on the 
surface S to form the flattened droplet F whose shape is maintained by its prevailing 
surface tension with the sur&ce S (see Fig. 2K) . 

The GO indicator light 26 is then extinguished mdicating that the operator 
should slightly withdraw the catheter 3 so as to detach it fix)m the droplet F vMst at the 

25 same time there is an outgoing flow of displacement gas (see Fig. 2L). In the case of an 
actual IVF-ET procedure, withdrawal is limited to between about 10-15 mm such that 
the catheters distal end 3A still lies along a subject's endometrium. Finally, a fiirther 
outgoing flow of additional displacement gas is provided so as to remove any culture 
medium which m^ rraiain in the catheter 3. The DONE indicator light 27 is then Ut to 

30 indicate that the catheter 3 can be completely removed. 

WiHi reference now to Figures 3-S, a punq) 31 constituting a pneumatic 
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system for use with the qjparatus 1 includes a base 32 with a housing 33 having a 
longitudinal right qrlindiical throughboie 34 with an internal peripheral surfece 36 of a 
radius a and having first and second opposite ends 37 and 38. A ri^t cylindrical slide 
rod 39 with an external peripheral sur&ce 41 of a radius b and first and second opposite 
5 end 42 and 43 is disposed in the bore 34 and is shdiDgly reciprocated by means of a 
linear actuator screw 44 driven by a step motor 46. 

A sleeve bearing 47 having a sealing 0-ring gasket 48 constituting a 
stationary annular sealing member is disposed at the first end 37 and an O-ring gasket 
49 constituting a displaceable annular sealing member is disposed at the slide rod end 
10 42, the gaskets 48 and 49 sealingly the peripheral surfaces 36 and 41 to define a 
displacement volume 51 vented by a vent 52. The displacemmt volume 51 has a 
volume equal to a product of a cross sectional area between the sur&ces 36 and 41 
defined by ;rfaW) and the distance between the gaskets 48 and 49. 

The slide rod 39 is sUdingly reciprocable between first and second positions 
IS respectively toward and away fiom the gasket 48 whereupon the displacement volume 
51 has a minimum vali^ vfhsa the gaskets 48 and 49 are adj acent in which case a maj or 
portion of the slide rod 39 is exterior to the bore 34 and a maximum value vfbsa the 
gaskets 48 and 49 are remote from one another. In operation, the gasket 49 moves to 
reduce the volume of the displacement volume 51 to issue an outgoing flow of 
20 displacement gas therefix)m on a downstroke of the slide rod 39 firom its second position 
to its first position and the gasket 49 moves to inoease tiie volume of the displacement 
volume 51 to draw an incoming flow of displacement gas thereinto on an upstroke of the 
slide rod 39 from its first position to its second position. 

The bore 34 and the slide rod 39 typically have diameters in tiie range of 
25 about 5-10 mm and which differ in the range of about 0.3-0.7 mm such that tiie cross 
section area is in the order of about 4-10 mm^ The threading on actuator screw 44 is 
designed such that each step of the motor 45 causes an incremental movement of the 
slide rod 39 of about 0.001-0.002 inches. The motor 45 is typically driven at a rate of 
about 20-300 steps per second. 

30 
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Various modifications and changes may be made in the configuration 
described above that come wifliin the spirit of the invention. The invention embraces all 
such changes and modifications coming within the scope of the appended claims. 
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CLAIMS: 

1. A method for depositing a flattoied droplet on a partially absoibent surfece 

comprising the steps of: 

(a) providing a narrow bore transfer tube having a proximal end and a distal end 
5 and containing a microvoiume of liquid, the proximal end cozmected to a 

pneumatic system adapted for issuing an outgoing flow of displacement gas 
into the tube and drawing an incoming flow of displacement gas &erefiom; 
and 

(b) issuing an ou^oing flow of displacmient gas for slowly discharging 
10 substantially the entire microvoiume of liquid as a droplet on the sur&ce and 

controUably blowing one or more bubbles into the droplet towards the end 
of its discharge for flattening tiie droplet on the sur&ce . 

2. The method of claim 1 ^dierein step (a) includes: 

15 (al) preventing capillary forces to draw liquid into the transfer tube upon the 

iosertion of its distal end mto a vessel containing Uquid; 
(a2) inserting tiie transfer tube's distal end into the vessel; 
(a3) drawing an incoming flow of displacement gas &om the transfer tube such 
that a microvoiume of liquid is drawn thereinto; and 
20 (a4) removing the transfer tube's distal end from the liquid. 

3. The method of claun 2 wherein step (al) includes issumg an outgomg flow of 
displacemmt gas into the transfer tube. 

25 4. The method of claim 3 fimfaer comprising the step of: 

(a5) drawing the microvoiume of liquid into the transfer tube away j&om its 
distal end; and 

(a6) neutralizing tiie inward displacement by a brief outgoing flow of 
displacement gas into the transf^ tube. 

30 



wo 99/18872 PCr/a.98/00498 

-11- 



The method according to any one of claims 1-4 
(c) providing an additional outflow of displacement gas while displacing the 

transfer tube away from tiiie droplet so separate the droplet from its distal 

end. 



6. The method according to any one of claims 1-S wherein the microvolmne of 
liquid is a culture medium containing anbryo(s) which are urged against the surface by 
the droplet's prevailing sur&ce tensioa 



25 



10 7. Apparatus for dq)ositing a flattened droplet on a partially absorbent sur&ce, 

the apparatus for use with a narrow bore transfer tube having a proximal end and a distal 
end and a vessel of Uquid, the apparatus conpising: 

(a) a pneumatic system connected to the transfer tube*s proximal end and 
adapted for issuing an outgoing flow of displacemoit gas into said transfer 

15 tube and drawing an incoming flow of displacement gas thereinto firom said 

transfer tube; and 

(b) a control mechanism for controlling said pneumatic system in different 
operational modes including: 

an user controlled suction mode for drawing an incoming flow of 
20 displacement gas fiom said transfer tube whereby a microvolume of 

hquid is drawn -thereinto prior to the removal of said distal end from 
&e vessel; and ' 

an user initiated automated delivery mode for issuing an outgoing 
flow of displacement gas into said transfer tube for slowly discharging 







ft 






1 



surfece and controllably blowing one or more bubbles into the droplet 
towards die end of its discharge for flattening the droplet on the 
sur&ce* 



30 8. Apparatus according to Claim 7 wherein said control mechanism includes 

an automatic pre-suction mode for issuing an outgoing flow of displacement gas. 
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9. Apparatus according to Claim 7 or 8 wherein separate units house a suction 
control unit for controlling said user controlled suction mode and a transfer control unit 
for controlling said user initiated automatic delivery mode. 

5 

10. A pump comprising a housing having a bore with an internal peripheral 
sur&ce, and a stationary annular sealing member integrally formed therewith at a first 
end of apair of oppoate ends; a slide rod disposed in said bore and having an external 
peripheral sur&ce and a displaceable annular sealing member integrally formed 

10 therewifli; said sealing monbers sealing said periph^ sur&ces to define a veatsd 
displacement volume therebetween v^ose volume is proportional to an annular cross 
section area between said peripheral sur&ces and a distance between said sealing 
members; and said slide rod being slidably reciprocable between first and second 
positions respectively toward and away fxom said stationary sealing member Mdiereupon 

15 said displaceable sealing member moves to reduce said volume to issue an outgoing 
flow of displacement gas bom said displacement volume on a downstroke of said slide 
rod fix)m said second position to said first position and said displaceable sealing member 
moves to increase said volume to draw an incoming flow of displacement gas into said 
displacement volume on an iq)stroke of said slide rod from said first position to said 

20 second positioiL 

11. The pump according to claim 10 herein both said bore and said slide rod 
are of ri^t cylindrical shape and said cross section area is defined by ^a -b ) wha:e a 
and b are the radii of said internal peripheral sur&ce and said external peripheral sur&ce, 

25 respectively. 

12. The pump according to either claim 10 or 1 1 herein said cross section area 
has an area of about 4-10 mm « 

30 13. The pump according to any one of claims 10-12 wherein said displacement 

volume can be incrementally changed in the order of 0. 1-0.4^1. 
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FIG. 4 
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